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1 

Descriptfon 

This invention relates to a manufacturing sys- 
tem capable of automatically performing a plurality 
of machining operations on each of a plurality of 
unfinished parts, and more specifically, to a control 
apparatus for regulating the operation of such a 
manufacturing system. 

Until recently, mid-volume production of 
machined parts has only been possible by the use 
of a transfer line of dedicated machinery, or by use 
of a large number of conventional machine tools, 
each manned by a skilled operator. While the use 
of a transfer line to produce machined parts affords 
high volume part production, part flexibility, that is, 
the ability to produce parts of differing types or 
shapes, is usually not possible. In order to produce 
machined parts of a different type or shape, it is 
usually necessary to have a separate transfer line 
for each part type, thereby requiring a tremendous 
capital expenditure since each transfer line is very 
costly. Achieving mid-volume production of 
machined parts by the use of a large number of 
conventional machines, although affording the ad- 
vantage of part flexibility, incurs the disadvantage 
of high direct labor costs due to the necessity of 
having a skilled operator at each machine. 

With the advent of flexible manufacturing sys- 
tems, first developed in the early I970's, mid- 
volume production of machined parts can now be 
accomplished without substantial direct labor costs 
while still allowing part flexibility. Typically, present 
day flexible manufacturing systems include a plu- 
rality of computer numerically controlled (CNC) 
machine tools situated about the perimeter of a 
track that carries a set of pallet carrying transport- 
ers propelled by a transporter drive mechanism 
about the track between the CNC machine tools 
and one or more load/unload stations where part 
carrying pallets are loaded onto or unloaded from 
each of the transporters. Each of the CNC machine 
tools, as well as the transporter drive mechanism, 
is under the control of a central computer which, in 
response to data entered thereto from one or more 
data entry terminals indicative of the type of part 
carrying pallet loaded onto each transporter at the 
load/unload stations, initiates movement of the 
transporter to a CNC machine tool. Once the part 
carrying pallet Is moved to a machine tool and the 
part carrying pallet is shuttled from the cart to the 
machine tool, the central computer supplies the 
CNC machine tool with blocks of a machine part 
program in accordance with the type of part then at 
the CNC machine tool. Use of CNC machine tools 
to perform the desired machining operations re- 
duces the number of machines required and, addi- 
tionally, permits part flexibility since machining op- 
erations performed by each CNC machine tool can 



be varied by altering the machine part program 
supplied thereto from the central computer. 

The major disadvantage of present day flexible 
manufacturing systems is their inability to sustain 

5 continued parts production In the event that the 
central computer is rendered inoperative due either 
to planned preventive maintenance or to central 
computer malfunction. Since the central computer 
supplies each CNC machine tool with the part 

w program in blocks, once the central computer be- 
comes Inoperative there is no other source from 
which the machines can be supplied with part 
programs to allow continued machine tool opera- 
tion. Thus, the CNC machine tools must be idled 

15 during such periods of central computer inopera- 
tion. Even if such periods of central computer in 
operation are brief, a small interruption in parts 
production can be costly, particularly, if production 
of other parts or assemblies is dependent there- 

20 upon. 

The transmission of machine NC part programs 
from the central computer to each CNC machine 
tool in blocks incurs the further disadvantage that it 
limits the number of machine tools that can be 

25 controlled by a single central computer if satisfac- 
tory machine tool perfonmance is to be maintained. 
Regardless of the type of central computer em- 
ployed, computer instruction execution cycle time 
is finite and memory space is limited so, therefore, 

30 only a given amount of information can be trans- 
ferred from the central computer during each in- 
struction execution cycle, thus limiting the number 
of machines that can be controlled thereby. To 
control additional CNC machine tools In excess of 

35 the total number controllable by a single central 
computer, additional processing hardware is re- 
quired which greatly increases system cost and 
complexity. 

It is an object of the present invention to pro- 
40 vide a flexible manufacturing system which may be 
operated in a semi-automatic mode to maintain 
continued production of parts in the event of cen- 
tral computer failure. 

Accordingly the present invention provides a flexi- 
45 ble manufacturing system capable of automated 
production of machined parts, said system com- 
prising a plurality of computer numerically con- 
trolled machining centers; 

60 a transport system having at least one 
load/unload station where unfinished parts are en- 
tered and finished parts are discharged, said trans- 
port system moving parts from each said 
load/unload station to said computer numerically 

56 controlled machining centers in accordance with 
electrical signals supplied to said transport system 
and said transport system generating data indica- 
tive of the part location during part movement: 
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at least one data entry and display unit located 
In proximity with a respective one of said 
toad/unload stations for transmitting data entered 
thereto by an operator Indicative of the part type 
entered at said respective one of said load/unload 
stations; 

a supervisory control computer system coup- 
led to each of said computer numerically controlled 
machining centers; and coupled to each said data 
entry and display unit for processing data there- 
from to generate routing data indicative of the 
desired path of parts from said load/unload station 
to said computer numerically controlled machining 
centers; 

a material handling system controller coupled 
to said supervisory control computer system to 
receive said routing data therefrom, said material 
handling system controller being coupled to said 
transport system for supplying said transport sys- 
tem with said electrical signals to cause movement 
of parts in accordance with said routing data; and 
that in the absence of said routing data from said 
supervisory control computer system the move- 
ment of parts is carried out in accordance with 
manually entered routing data and manually en- 
tered transport system commands to said handling 
system controller; 

said material handling system controller is 
coupled to each said computer numerically con- 
trolled machining center, and in accordance with 
said data generated by said transport system indi- 
cative of part location, said material handling sys- 
tem controller supplies said machine tool com- 
mands to said numerically controlled machining 
centers; 

and said plurality of computer numerically con- 
trolled machining centers are each provided by the 
supervisory control computer system with a plural- 
ity of sets of machine NC part programs and a 
program map, each said computer numerically 
controlled machining center executing a selected 
one of said sets of machine NC part programs in 
accordance with said program map in response to 
said machine tool commands and in the absence 
of machine tool commands, in response to operator 
entered machine tool commands. 

Briefly, in accordance with the preferred em- 
bodiment of the invention, an Improved flexible 
manufacturing system for automated production of 
machined parts comprises a plurality of computer 
numerically controlled machining centers which are 
each provided with a plurality of sets of machine 
NC part programs and program maps by a supervi- 



sory control computer system. The supervisory 
control computer system also controls a material 
handling system controller which, in tum. controls a 
transport system that moves parts between one or 
5 more load/unload stations, where unfinished parts 
are entered and finished parts are discharged, and 
the computer numerically controlled machining 
centers. Located in proximity with each load/unload 
station is a data entry and display unit through 
10 which data, indicative of a then entered unfinished 
part, is transmitted to the supervisory control com- 
puter system. In response to data transmitted 
thereto from the data entry and display unit, the 
supervisory control computer system provides the 
15 material handling system controller with routing 
data which is translated by the material handling 
system controller into transportation system. 

In this manner, semi-automatic and manual op- 
eration, resepctively, of the flexible manufacturing 
20 system can be sustained during intervals when the 
supervisory control computer system is inoperative. 
In the drawings: 
Figure 1 is a perspective view of the preferred 
embodiment of the flexible manufacturing sys- 
25 tem of the present invention; 

Figs. 1a and lb are perspective views of a pair 
of computer numerically controlled machining 
centers, respectively, of the flexible manufactur- 
ing system of Rg. 1 ; 
30 Fig. 2 is an electrical block diagram of the 
flexible manufacturing system of Fig. 1 ; 
Rg. 3 is an electrical block diagram of the 
supervisory control computer system which 
comprises a portion of the flexible manufactur- 
36 ing system of Fig. 1 ; 

Fig. 4 is an electrical block diagram of the 
material handling system controller which com- 
prises a portion of the flexible manufacturing 
system of Fig. 1 ; 
40 Rg. 5 is an electrical block diagram of the 
machine control system of one of the machines 
illustrated in Figs, la and 1b; 
Rg. 6 is a flow chart diagram of a portion of the 
software executed by the supervisory control 
45 computer system of Fig. 3; and 

Rg. 7 is a flow chart diagram of a portion of the 
software executed by the material handling con- 
trol system of Fig. 4. 
Rgure 1 illustrates a perspective view of a 
50 flexible manufacturing system 10 comprising a 
transport system which includes an endless track 
or loop 14 embedded within the floor of a manufac- 
turing area 16. Within track 14 Is a chain I5a which 
is driven by a chain drive mechanism 15b such as 
5s are well-known In the art. Each of a plurality of 
carts 20 are detachably connected to chain 1 5a by 
means of a drop pin carried by the cart, the drop 
pin on each cart being raised and lowered by 
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means of ramps (not shown) disposed in the floor 
of the manufacturing area 16 about track 14. Each 
of the ramps Is raised and towered, to engage the 
drop pin on the cart when the cart passes over the 
ramp, by an associated solenoid (not shown). 
Chain drive mechanism 15b, which propels the 
chain in track 14. and each of the ramp solenoids 
which raise and lower a corresponding one of the 
ramps to decouple and couple, respectively, one of 
the carts to the chain, are controlled by a material 
handling system controller (MHSC) 22. In response 
to routing data provided thereto. MHSC 22 supplies 
electrical signals to the chain drive mechanism and 
to the ramp solenoids to Initiate movement of carts 
20 between one or more load/unload stations 24, 
where parts carrying pallets are loaded onto or off 
of each cart, and a plurality of computer numeri- 
cally controlled (CNC) machining centers 26 situ- 
ated about the perimeter of track 14. 

Referring now to Rgs. 1a and lb. each CNC 
machining center 26 comprises a numerically con- 
trolled (N/C) machine tool 28 which is coupled to 
and controlled by an associated machine control 
system 30 (further described hereinafter). Each of 
the CNC machining centers 26 also Includes a 
shuttle assembly 32 situated between track 14 and 
machine toot 28 and controlled by MHSC 22 illus- 
trated in Rg. 1. A plurality of trip switches (not 
shown) are disposed in track 14 and are each 
connected to MHSC 22. When a cart 20 arrives at 
a particular one of machining centers 26, as in- 
dicated by the actuation of a corresponding trip 
switch, MHSC 22 accordingly actuates shuttle as- 
sembly 32 at the CNC machining center through 
machine control system 30 to cause transfer of the 
part carrying pallet from cart 20 to the table 34 of 
N/C machine tool 28. As the part carrying pallet is 
transfenred from cart 20 to table 34 by shuttle 
assembly 32. a pallet reader 36 mounted on shuttle 
assembly 32 "reads" the part carrying pallet, that 
is to say, pallet reader 36 reads the code on the 
pallet which is indicative of the type of part carried 
thereby. Data from the pallet reader 36, indicative 
of the part type, is transmitted to machine control 
system 30 which, In turn, transmits this data to 
MHSC 22. MHSC 22 then validates the pallet code 
to determine what part type is at the machine 
before transmitting commands to the machine con- 
trol system. 

MHSC 22 and each machine control system 30 
are coupled to a supervisory control computer sys- 
tem (SCCS) 38 which serves as the central control 
for the flexible manufacturing system. SCCS 38 is 
located in a computer room 40 situated adjacent to 
and in line of sight with manufacturing area 16. 
Computer room 40 has a controlled environment to 
prevent against possible SCCS 38 malfunctions 
due to contamination and variations in temperature- 



humidity. 

SCCS 38 is provided at the outset of flexible 
manufacturing system operation with production re- 
quirements and material resource information, as 
5 well as machine NC part programs, program maps 
and SCCS software. Selected sets of machine NC 
part programs are. thereafter transmitted from 
SCCS 38 to each machine control system 30 of an 
associated one of CNC machining centers 26, illus- • 

10 trated in Rg. 1, for storage and later execution in 
response to machine tool commands from MHSC 
22. In addition to supplying machine NC part pro- 
grams to each machine control system, SCCS 38 
also supplies each machine control system with a 

75 part program map which cross references the pal- 
let number to a separate one of the machine NC 
part programs. These part program maps are dy- 
namically updated at periodic intervals. As will be- 
come better understood hereinafter, transmission of 

20 whole sets of machine NC part programs and a 
part program map from SCCS 38 to each machine 
control system 30 at the outset of flexible manufac- 
turing system operation permits continued flexible 
manufacturing system operation in the event SCCS 

25 38 becomes inoperative. 

During flexible manufacturing system opera- 
tion, SCCS 38 processes production requirement 
Information indicative of the rate of part production, 
material resource data Indicative of the number and 

30 type of CNC machines and bank data. Indicative of 
the quantity of raw materials available, and accord- 
ingly, determines which part type is to be loaded at 
one of the losid/unload stations 24. Information indi- 
cative of the part type to be loaded at the 

36 load/unload station Is then displayed on a data 
entry and display unit 42 situated adjacent to the 
load/unload station to advise that person (refen^d 
as a "parts-handler") at the load/unload station to 
load the identified part type onto a cart then at the 

40 load/unload station. Thereafter, the parts-handler 
confirms the loading of the identified part by enter- 
ing a confirm signal at data entry and display unit 
42 which Is then transmitted to SCCS 38. In re- 
sponse to the confirm signal, SCCS 38 generates 

45 routing data, indicative of desired path of the then 
loaded cart between the load/unload station to one 
or more of the CNC machining centers 26 and 
transmits such data to the MHSC 22. MHSC 22 
then initiates movement of carts 20 to the selected 

60 one or more CNC machining centers 26 in accor- 
dance with the routing data generated by SCCS 38. 

In the event that SCCS 38 becomes inoper- 
ative, as may occur when SCCS 38 Is shut down or 
malfunctions, flexible manufacturing system opera- 

5S tlon can be sustained with MHSC 22 serving as the 
central controller. During intervals of SCCS 38 In- 
operation, MHSC 22 is operated In a semi-auto- 
matic mode to initiate the movement of carts 20 
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and the operation of machine shuttle assennblies 32 
in accordance with routing information entered by 
an operator directly to MHSC 22 through controls 
on MHSC 22, or through a remote data entry and 
display unit 43 coupled to MHSC 22. MHSC 22 can 
also be operated manually to manipulate the move- 
ment of carts 20 and the operation of shuttle as- 
semblies 32 in accordance with operator-entered 
commands. 

Should MHSC 22 also* become inoperative dur- 
ing the interval that SCCS is inoperative, each 
machine control system 30 associated with each 
CNC machining center 26 can be manually ma- 
nipulated to execute one of the previously supplied 
sets of machine NC part programs corresponding 
to the pallet number read by the pallet reader in 
accordance with the program map. The ability to 
manually manipulate MHSC 22 and machine con- 
trol system 30 in the event of SCCS 38 failure 
avoids the need for complete shutdown of the 
flexible manufacturing system which has heretofore 
been required in the event of inoperation of the 
central computer. 

Figure 2 illustrates the electrical block diagram 
of flexible manufacturing system 10 shown in Fig. 
1. SCCS 38, located in computer room 40, is 
electrically linked through a high speed data bus 
44 by a pair of line adapters 46a and 46b to MHSC 
22 located in manufacturing area 16. Line adapters 
46a and 46b are configured of Identical circuits 
which each convert ElA RS-232 type signals into 
EIA RS-422 type signals and vice versa. Typically, 
MHSC 22 Is subject to undesirable electrical inter- 
ference due to its proximity to the electrical ma- 
chinery located in manufacturing area 16. Since 
EIA RS-422 type signals are less susceptible to 
such electrical interference, It is more advanta- 
geous to transmit EIA RS-422 type signals across 
high speed data bus 44 between SCCS 38 and 
MHSC 22 rather than to transmit EIA RS-232 type 
signals which are normally produced by SCCS 38. 

MHSC 22 is coupled via a bi-directional data 
bus 47 to remote data entry and display unit 43 
thereby allowing Information, such as operator en- 
tered routing data and operator entered shuttle and 
cart commands, to be transmitted to MHSC 22, 
and information concerning cart and shuttle status 
to be transmitted from MHSC 22 to remote data 
entry and display unit 43 for display to the oper- 
ator. Each machine control system 30 of each CNC 
machining center is coupled to MHSC 22 by a low 
speed bi-directional data bus 48 to provide a com- 
pleted path for the transmission of pallet reader 
data from each machine control system 30 to 
MHSC 22 and for the transmission of shuttle com- 
mands and machine tool commands to each ma- 
chine control system 30 from MHSC 22 to initiate 
shuttling of a part carrying pallet from a cart then at 



the machining center to the n^achine table, and to 
initiate execution of a selected one of the machine 
part programs, respectively. MHSC 22 is further 
coupled to chain drive mechanism 15b. and to the 
5 trip switches and to the ramp solenoids in track 14 
to control the movement of carts 20 about the 
track. MHSC 22 may also be connected to a re- 
mote MHSC should the transport system of the 
flexible manufacturing system be too large as to be 

70 controllable by a single MHSC. 

SCCS 38 is coupled separately to each ma- 
chine control system 30 through a high speed data 
bus and a line adapter. Thus, each of the pair of 
machine control systems 30 illustrated in Rg. 2 is 

15 separately coupled to SCCS 38 through a separate 
one of line adapters 49a and 49b. respectively, and 
high speed data buses 49c and 49d, respectively, 
line adapters 49a and 49b each being configured 
identically to line adapters 46a and 46b. Each high 

20 speed data bus and line adapter carries sets of 
machine NC part programs and part program maps 
from SCCS 38 to each machine control system 30 
and candies Information from each machine control 
system indicative of machine tool parameters, such 

25 as cutting tool use, machine cycle time, and ma- 
chine usage, to name a few, back to SCCS 38. 
sees 38 is capable of controMing a large number 
of CNC machining centers provided that each addi- 
tional machine control system, as indicated by 

30 dashed lines, is coupled to SCCS 38 through a 
separate high speed data bus and line adapter, 
both illustrated by dashed lines. Each data entry 
and display unit 42 Is separately coupled to SCCS 
38 through a line adapter and a high speed data 

35 bus, and thus, each of the pair of data entry units 
42. illustrated in Rg. 2, is coupled through a sepa- 
rate one of line adapters 50a and 50b. respectively, 
and a separate one of data buses 51a and 51 b, 
respectively, to the SCCS. Additional data entry 

40 units, as indicated by dashed lines, may each be 
separately coupled to SCCS 38 by the addition of 
line adapter and high speed data bus, both illus- 
trated by dashed lines. 

To provide a visual display of cutting toot 

45 usuage, a printer 54, typically situated in the tool 
room or such other location where cutting tools for 
each CNC machining center are stored, Is coupled 
to SCCS 38 through a data bus 55 and a pair of 
line adapters 56a and 56b, each line adapter being 

so configured identically to line adapters 46a and 46b. 
By displaying the cumulative cutting tool usage in 
excess of a predetermined limit, printer 54 apprises 
maintenance personnel of the need to replace worn 
cutting tools. 

56 Referring to Rg. 3. there is shown a block 
diagram of SCCS 38. In the presently preferred 
embodiment, SCCS 38 comprises a central pro- 
cessing unit (CPU) 66, typically configured of a 
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Model PDP 11/44 or a Model PDP 11/60 processor 
as manufactured by Digital Equipment Corporation, 
Maynard. Massachusetts. A pair of magnetic disk 
drives 68a and 68b, each typically configured of a 
Digital Equipment Corporation Model RK 07 disk 
drive, are coupled to CPU 66 through a disk con- 
troller 70, typically configured of a Digital Equip- 
ment Corporation Model RK 711 disk controller. 
Magnetic disk drives 68a and 68b serve as the 
primary means for storing SCCS software 
(described hereinafter with respect to Fig. 6), which 
is executed by CPU 66 during flexible manufactur- 
ing system operation. A magnetic tape drive 72, 
typically configured of a Mode! TS 11 magnetic 
tape system, as manufactured by Digital Equip- 
ment Corporation, is coupled to CPU 66, and in the 
event of an electrical or mechanical failure of disk 
memories 68a and 68b, magnetic tape unit 72 then 
serves as the primary means for storing SCCS 
software. Input data encoded on magnetic tape can 
also be inputted to CPU 66 from tape drive 72. 

A printing terminal 80. typically configured of a 
Digital Equipment Model LA 120 terminal, is coup- 
led through a serial interface 82 to CPU 66 to 
permit operator communication with CPU 66. A 
high speed line printer 84, typically configured of a 
Digital Equipment Model LP 11 line printer, is 
coupled Id CPU 66 and provides a quick pemna- 
nent paper record of CPU 66 data transmitted 
thereto. If desired, a magnetic tape cartridge unit 
85. typically configured of a Digital Equipment Cor- 
poration Model TU 58 tape cartridge unit, can be 
connected to serial interface 82 to allow input of 
pre-existing machine NC part programs to CPU 66 
for transmission to CNC machining center 26 Illus- 
trated in Rg. 1. 

A digital multiplexer 86, typically configured of 
a pair of Digital Equipment Model D2 11E mul- 
tiplexers, couples CPU 66 to line adapters 46a, 
49a. 49b. 50b and 56b, all illustrated in Rg. 2. and 
to a pair of cathode ray tube (CRT) terminals 88 
and 90. CRT 88 terminal is designated as the 
system CRT, and it is through this terminal that 
Information is entered to CPU 66, such as produc- 
tion data, resource data, bank data and path data, 
the path data being indicative of alt the different 
possible or logical paths between the CNC machin- 
ing centers and the load/unload stations, rather 
than the actual or physical paths. System CRT 88 
also serves to display diagnostic and status in- 
formation, as well as periodic reports concerning 
machine cycle time and tool use. CRT terminal 90 
is designated as the programmer cathode ray tube 
terminal, and it is through this terminal, as well as 
magnetic tape unit 72, that SCCS software is en- 
tered Into CPU 66. The SCCS software consists of 
three major programs, the system manager Inter- 
face (SMI), the scheduler (SCHED), and the ROUT- 



ER, which are each described in greater detail with 
respect to Rg. 6. In addition, part program files, as 
well as operator instructions, may also be entered 
Into CPU 66 through programmer CRT 90. 
s The details of MHSC 22 are illustrated in Rg. 
4. MHSC 22 comprises two processors, a traffic 
control processor (TCP) 94 and a material handling 
logic processor (MHLP) 96 for storing manually 
entered routing data and manually entered trans- 
10 port system commands, TCP 94 serves as the link 
between SCCS 38 (illustrated In Fig. 2) and MHLP 
96 and translates routing information produced by 
SCCS 38 into cart and shuttle commands which 
are transmitted to MHLP 96. MHLP 96 then trans- 

75 lates the cart and shuttle commands supplied 
thereto from TCP 94 into electrical signals which 
are transmitted to chain drive mechanism 15b, the 
ramp solenoids, and to the control apparatus 30 of 
each CNC machining center 26, to initiate move- 

20 ment of carts 20 about track 14. illustrated in Rg. 
1. and shuttling of a part carrying pallet from a cart 
to the table of an N/C machine. A double pole, 
double throw switch 98 couples TCP 94 between a 
control data entry and display unit 100 mounted on 

25 the front panel of the material handling system 
enclosure and remote data entry and display unit 
43, illustrated In Rg. 2, and couples MHLP 96 
between remote data entry and display unit 43 and 
control data entry and display unit 100, respec- 

30 tively. Should SCCS 38 become inoperative, there- 
by ceasing to transmit routing data to MHSC 22, 
then semi-automatic flexible manufacturing system 
operation can readily be facilitated by MHSC 22 in 
accordance with operator generated routing data 

35 entered through either control data entry and dis- 
play unit 100 or remote data entry and display unit 
43 to TCP 94. If desired, the flexible manufacturing 
system can be operated manually in accordance 
with operator generated cart and shuttle commands 

40 entered to MHLP 96 through either remote data 
entry and display unit 43 or control data entry and 
display unit 100. 

In the presently preferred embodiment. TCP 94 
comprises a central processing unit (CPU) 102. 

46 typically configured of a Digital Equipment Model 
LSI 11/23 processor. A multiplexer 104 couples 
CPU 102 to line adaptor 46b (Rg. 2). as well as to 
switch 98 and MHLP 96. Typically, multiplexer 104 
is configured of a Digital Equipment Model MBX 

50 11C multiplexer and serves to couple CPU 102 to 
SCCS 38. 

Coupled to CPU 102 Is a disk controller 108, 
which Is typically configured of a Model DZ 201 
controller, such as is manufactured by Dialog Cor- 
55 poration. In accordance with commands from CPU 
102, disk controller 108 controls a magnetic disk 
drive 110. typically configured of a Model 4004 
disk drive, as manufactured by Shugart Corpora- 
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tlon. Disk drive 110 contains not only the software 
for CPU 102. but also serves as a dynamic CPU 
memory, retaining Infonnatlon concerning the loca- 
tion and status of each of carts 20 illustrated In Rg. 
la. 

The software for CPU 102 Is stored on the 
magnetic surfaces of disk drive 110 and includes a 
TRAFFIC program and an OPERATIONS program 
which are each described In flow chart form with 
respect to Fig. 7. During execution of the TRAFFIC 
program by CPU 102, routing data produced by 
sees 38, illustrated In Fig. 1, is translated into cart 
and shuttle commands which are then supplied to 
MHLP 96 which translates them into electrical sig- 
nals which control the operation of the chain drive 
mechanism and the ramp solenoids, as well as the 
shuttle assemblies on each CNC machining center. 
During execution of the OPERATIONS program, 
CPU determines whether a specific part program is 
to be executed by the machine control system, and 
accordingly, commands MHLP 96 to supply ma- 
chine tool commands to each machine control sys- 
tem to cause execution of a selected one of the 
part programs stored thereat in accordance with 
the program map. 

In addition to the TRAFFIC and OPERATIONS 
programs, disk drive 110 also contains a pair of 
programs, described hereinafter, which are execut- 
ed by CPU -102 during intervals when SCCS 38 is 
inoperative. The first of the pair of programs as- 
certains whether or not operator commands en- 
tered through remote data entry and display unit 
43, Illustrated in Fig. 2, or control data entry and 
display unit 100 are, In fact, valid commands. The 
second of the pair of programs translates those 
valid commands, as determined by the first pro- 
grams, into routing infonmation which is then trans- 
lated by the TRAFFIC program into cart and shuttle 
commands. Should it become necessary to supple- 
ment the software stored on disk drive 110, addi- 
tional software can readily be entered to CPU 102 
through magnetic tape cartridge 114 configured 
identically to tape cartridge 85 of Fig. 3, which Is 
coupled through a serial interface 115a and a 
switch 115b to multiplexer 104. 

MHLP 96 comprises a ladder logic central pro- 
cessing unit (CPU) 116 which is typically config- 
ured of the combination of a Kearney & Trecker 
Model 1-20636 CPU. Model 1-20604 CPU control. 
Model 1-2061806 memory, and a Model 1- 
20615001 peripheral interface. Configuring CPU 
116 of a ladder logic processor, such as the type 
manufactured by Kearney & Trecker Corporation, is 
advantageous as such as a processor permits 
ready display in ladder logic fashion of transport 
system conditions, thereby permitting ease of ser- 
vicing. CPU 116 is coupled both to multiplexer 104 
of TCP 94 and control data entry and display unit 



100 through a communications multiplexer 
(CMUX) 118 which is typically configured of a 
Kearney & Trecker Model 1-2060101 multiplexer. 
In accordance with shuttle and cart commands 
5 supplied by CPU 102 or operator generated cart 
and shuttle commands entered through remote 
data entry and display unit 43. Illustrated in Fig. 2. 
or control data entry and display unit 100, CPU 116 
produces a set of electrical signals which are sup- 

10 plied through an 1/0 port 120, typically configured 
as the combination of a Kearney & Trecker Model 
1-2064000 I/O Interface board and a Model 1- 
2065200 driver tioard, to each machine control 
system 30. as well as to chain drive mechanism 

75 15b and to the ramp solenoids in track 14 to initiate 
movement of carts 20 about track 14. both illus- 
trated In Fig. 1. and to initiate operation of the 
shuttle assembly on each machine to transfer a 
part carrying pallet from a cart then at the machine 

20 tool to the machine tool table. Where the flexible 
manufacturing system Is to include a large number 
of CNC machining centers, and a large number of 
carts and load/unload stations that Is in excess of 
the number that can be conventionally controlled 

25 by I/O port 120, it may be necessary to add a 
remote MHSC 121, typically configured of a bus 
extender, such as manufactured by Kearney & 
Trecker Corporation, to couple each machine con- 
trol system of each additional CNC machining cen- 

30 ter, as well as each additional load/unload station, 
ramp solenoid and chain drive mechanism to CPU 
116. 

Rgure 5 Illustrates the details of machine con- 
trol system 30. In the presently preferred embodl- 
35 ment, machine control system 30 comprises a 
Kearney & Trecker Model D17 control system 
which includes a central processing unit (CPU) 124, 
typically configured substantially Identical to CPU 
116, Illustrated In Rg. 4. CPU 124 Is coupled 
40 through a communication multiplexer (CMUX) 126, 
configured identically to CMUX 118, illustrated In 
Rg. 4, to SCCS 38, Illustrated In Fig. 2. The ma- 
chine NO part programs and program map trans- 
mitted by SCCS 38 to machine control system 30 
45 are stored on a magnetic disk 128 controlled by a 
disk controller 130, such as Kearney & Trecker 
Model 1-2066880 disk controller, which is further 
controlled by a peripheral Interface controller 132 
coupled to CMUX 126. Typically, peripheral inter- 
so face controller 132 comprises an eight bit micro- 
processor, such as Motorola Model M6800 micro- 
processor, which is programmed to control disk 
controller 130, which in addition to controlling disk 
128 can control up to three additional disk drives, 
55 each illustrated by dashed lines. In addition, pe- 
ripheral interface controller 132 couples CMUX 126 
to a diagnostic control system interface 134 to 
allow CPU 124 to Interface with a remote dlagnos- 
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tic communication system, such as the type de- 
scribed in U.S. Patent 3.882.305 Issued to Richard 
Johnstone and assigned to the assignee of the 
present invention. CMUX 126 also couples CPU 
124 to an operator panel controller 136 which is s 
controlled by peripheral interface controller 132. 
Operator panel controller 136 controls a keyboard 
138a a CRT 138b. LED indicators 138c and switch- 
es 138d, all located on the front surface of the 
machine control system enclosure. It is through io 
CRT 138b and LED indicators 138c that information 
is displayed to the machine operator, while key- 
board 138a and switches 138d serve to transmit 
operator commands to CPU 124 to regulate ma- 
chine operation during intervals when both SCCS /5 
38 and MI4SC 22. Illustrated in Fig. 2, are inoper- 
ative. It may be desirable to couple a magnetic 
tape cartridge unit 139 to CMUX 126. This permits 
transmission of NC part programs and program 
maps stored on mylar tape to CPU 1 24. 20 

During normal operation, CPU 124 is supplied 
from MHSC 22 via an I/O interface 1 40, configured 
Identically to I/O interface 120 in Fig. 4. with in- 
formation indicating the arrival of a part at the 
machine. CPU 124 first causes shuttling of the part 25 
to the machine table then employs the part pro- 
gram map to select a set of NC part programs in 
accordance with the pallet code, as determined 
from pallet reader data. CPU 124 then advises 
MHSC 22 of its intention to exexute the selected 30 
set of machine NC part programs. If the pallet code 
read by the pallet reader corresponds with the 
code of the actual pallet on the machine table, as 
determined by MHSC 22 from routing data pro- 
vided thereto from SCCS 38, then MHSC 22 sup- 35 
plies CPU 124, via I/O interface 136. with a confirm 
signal causing CPU 124 to execute the selected 
set of machine NC part programs. If the pallet 
actually on the machine differs from the pallet CPU 
124 computed to be on the machine, then MHSC 40 
22 transmits an abort signal to CPU 124 to prevent 
execution of the selected set of NC part programs. 

While CPU 124 is executing the selected one 
of a set of part programs, it generates control 
commands which are converted by I/O interface 45 
140 into electrical signals supplied to machine and 
shuttle solenoids and to the machine limit switches. 
Motor drive commands generated by CPU 124 
during part program execution are converted by an 
analog interface 142 Into electrical signals supplied so 
to one of appropriate motor drive amplifiers which 
control the machine motors that drive the spindle 
and machine table. Feedback information indicative 
of the angular position of machine tool spindle and 
table motors is provided to CPU 124 from a set of 55 
feedback devices 144a. 144b and 144c, which are 
coupled to CPU 124 by a feedback interface sys- 
tem 146. Typically, each of feedback device 144a. 



144b and 144c is comprised of a resolver which is 
excited by analog Interface 142 through feedback 
interface 146. 

During machine control system operation, CPU 
124 records information concerning machine tool 
parameters, such as cumulative cutting tool use, 
machine cycle time, and machine usage, to name 
a few. This information conceming machine param- 
eters is transmitted, upon demand of SCCS 38, 
from CPU 124 through CMUX 126 to SCCS 38, 
which then displays this information to an operator. 

Operation of flexible manufacturing system 10 
will now be set forth by reference to Rgs. 6 and 7. 
which illustrate, in flow chart form, the software 
executed by SCCS 38, illustrated in Fig. 3. and by 
MHSC 22. illustrated in Fig. 4, respectively. 

Referring to Fig. 6. at the outset of flexible 
manufacturing system operation, CPU 66 of SCCS 
38 commences execution of the system manager 
interface (SMI) programs (STEP 200) by first re- 
ceiving input data consisting of operator commands 
and data files which may contain routes, machine 
NC part programs and manual procedures, that is 
to say, machine tool requirements, machine cycle 
time requirements, as well as material inventory 
and production requirements, this input data being 
entered to CPU through one or more of terminals 
80, 88 and 90, as well as tape drive 72, all illus- 
trated in Rg. 3. Upon entry of the data files and 
commands, CPU 66 then ascertains whether the 
information inputted thereto is a data file or a 
command (STEP 202). If the input infonmatlon Is a 
data file it is then stored (STEP 204). typically on 
one of disks 68a and 68b, illustrated in Fig. 3. for 
retention within SCCS 38. or in the event that the 
input information is a set of machine NC part 
programs or program maps, for subsequent trans- 
mission (STEP 206) to each of machine control 
systems 30, illustrated in Fig. 5, Note, that If editing 
of one or more of the sets of machine NC part 
programs inputted to SCCS 38 is desired, then 
such editing is usually commenced at SCCS 38 
prior to transmission of the NC part program to one 
of the machine control systems 30. Editing of ma- 
chine NC part programs at SCCS 38 prior to the 
transmission thereof to the machine control system 
is advantageous as it Insures uninterupted NC part 
program execution by the machine control system 
in contrast to prior art interactive editing which 
required Interruption of machine part program ex- 
ecution. If desired, an NC part program can also be 
edited at a machine even as the machine is run- 
ning a different NC part program. 

Should the input information to SCCS 38 t>e a 
command, then CPU 66 of SCCS 38 determines 
whether or not the entered command is valid 
(STEP 208). that is, whether or not the entered 
command Is one of possible SCCS commands. If 
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the command is invalid, then an invalid command 
message is displayed to the SCCS system oper- 
ator (STEP 210). Valid SCCS commands encoun- 
tered by the CPU 66 are then translated into pro- 
duction data (STEP 212), tooling data, program s 
data report requests, as well as routing data, indi- 
cative of the desired path of materials which is then 
subsequently acted upon by the scheduler pro- 
gram. 

Following the translation of input information io 
Into route information, CPU 66 then executes the 
scheduler program (SCHED), by first checking 
(STEP 214) the type, number and location of carts 
and fixtures, fixtures being those structures which 
hold one or more parts to a pallet, as well as the is 
quantity of materials, that is, unfinished parts, avail- 
able for machining. Once the status of carts, fix- 
tures and materials is ascertained, CPU 66 then 
ascertains (STEP 216) whether the requisite num- 
ber of carts, fixtures and materials are available for ao 
the desired routing path previously selected during 
execution of the SMI program, if the requisite num- 
ber of carts, fixtures and materials are not available 
(STEP 218), then an invalid route message is dis- 
played to tlie operator. When a sufficient number 25 
of carts, fixtures and materials are available for the 
new route, then CPU 66 initiates (STEP 220) ex- 
ecution of the desired route by commencing ex- 
ecution of the ROUTER program. 

At the outset of execution of the ROUTER 30 
program, CPU 66 causes MHSC 22 to check trans- 
port system status (STEP 222), that is, CPU 66 
commands l^l-ISC 22 to determine the most recent 
location and status of each of the carts 20 and 
each of the shuttle assemblies 32 illustrated in Fig. 35 
1 . Thereafter, the present status of carts and shut- 
tles is displayed (STEP 224) to allow the operator 
to enter any changes as may be necessary. Fol- 
lowing the display of cart and shuttle status, CPU 
66 then checks the new route against presently 40 
active routes to determine whether or not any con- 
flicts may be present (STEP 226). If execution of 
the new route is likely to result In a conflict with 
any of the presently active routes, then an invalid 
route message is displayed to the operator (STEP 45 
228), requiring selection of a new route. If the new 
route presents no conflict with presently active 
routes, then routing data, corresponding to the new 
route, is supplied to I^HSC 22 (STEP 230) which, 
in response, initiates execution of the MI-ISC soft- 50 
ware. 

Following an output of routing data to MIHSO 
22 of Rg. 4, CPU 102 of MHSC 22 commences 
execution of the programs TRAFRC and OPER- 
ATIONS, which are each illustrated in flow chart 55 
form in Rg. 7. At the outset of TRAFFIC program 
execution by CPU 102, the memory of CPU 102 is 
updated (STEP 300), that is to say, the most recent 



location and status of carts 20 and shuttle assem- 
blies 32 Is entered in memory. Following updating 
of its memory, CPU 102 receives input routing data 
from SCCS 38 (STEP 302) and translates the rout- 
ing data supplied from SCCS 38 into cart and 
shuttle commands (STEP 304) which, in turn, are 
transmitted by CPU 102 through multiplexer 104, 
illustrated in Fig. 4. to MHLP 96, illustrated in Rg. 
4, which controls the movement of carts 20 and 
shuttle assemblies 32, both illustrated in Fig. 1, 
accordingly. After cart and shuttle commands are 
supplied by CPU 102 to MHLP 96, CPU 102 waits 
until MHLP 96 has completed (STEP 306) execu- 
tion of the cart and shuttle commands prior to input 
of such commands to the OPERATION program 
(STEP 308). 

The OPERATIONS program is active continu- 
ously and monitors the status of the shuttle assem- 
bly 32 on each machine tool. Following translation 
of cart and shuttle command, cart and shuttle sta- 
tus is determined (STEP 310). Next, as a part 
carrying pallet is shuttled from a cart to the ma- 
chine table, the pallet reader reads the code on the 
pallet and the pallet reader data is then transmitted 
to CPU 102, illustrated in Fig. 4 (STEP 312). CPU 
102 then determines whether or not the pallet on 
the machine table, as determined from the pallet 
code read by the pallet reader, corresponds to the 
pallet which was actually delivered, as determined 
from routing data supplied to CPU 102 by SCCS 
38 (STEP 314). Since each machine control sys- 
tem 30, illustrated in Rg. 5, selects the set of NC 
part programs it executes, in accordance with the 
part program map, from the pallet code data pro- 
duced by the pallet readier it is necessary to verify 
the identity of the pallet on the machine since the 
pallet reader does not always correctly read the 
pallet code. If the pallet code of the pallet on the 
machine table, as determined by the pallet reader, 
corresponds to the code of the pallet actually deliv- 
ered to the machine, then CPU 102 transmits a 
confirm signal to machine control system 30 (STEP 
316) which then initiates execution of a selected 
set of machine NC part programs corresponding to 
the pallet code read by the pallet reader in accor- 
dance with the program map (STEP 318). Other- 
wise, if the pallet code does not correspond, then 
CPU 102 sends an abort signal (STEP 320), inhibit- 
ing machine control system 30 from initiating part 
program execution. In this way, execution of an 
Improper set of part programs is prevented, there- 
by avoiding damage to N/C machine tool 28, illus- 
trated in Fig. 1. 

Two additional programs SMt (STEP 322) and 
ROUTER (STEP 324), identical to the SMI and 
ROUTER programs, respectively, described with 
respect to Rg. 6, are also resident In MHSC 22. 
During intervals, when SCCS 38 is inoperative, the 
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MHSC resident SMI and ROUTER programs are 
executed by CPU 102 prior to execution of the 
TRAFFIC program. Input routing data, formerly pro- 
vided by sees 38, is now supplied to CPU 102 by 
an operator through control data entry and display 6 
unit 100, illustrated in Fig. 4, or remote data entry 
and display unit 43, illustrated in Fig. 1, or in 
accordance with operator entered routing data pre- 
viously stored on disk drive 110, illustrated in Fig. 
4, This mode of flexible manufacturing system op- io 
eration. characterized as the semi-automatic op- 
erating mode* allows continued production of 
machined parts under operator control despite the 
fact sees is inoperative. As previously indicated, 
manual operation of the flexible manufacturing sys- 75 
tern can readily be accomplished by entering shut- 
tle and cart commands directly to MHLP 96 from 
control data entry and display unit 100 or remote 
data entry and display unit 43, and by entering 
machine tool commands entered directly to ma- 20 
chine control system 30 by an operator. 

The foregoing describes an improved flexible 
manufacturing system having distributed data pro- 
cessing capability which allows semi-automatic and 
manual operation during intervals when one of the 25 
data processing systems is inoperative. By em- 
ploying distributed data processing, the flexible 
manufacturing system of the present invention is 
capable of controlling an infinite number of ma- 
chine tools. 30 

While only certain preferred features of the 
invention have been shown by way of illustration, 
many modifications and changes will occur to 
those skilled In the art. 

35 

Claims 

1. A flexible manufacturing system (10) capable 
of automated production of machined parts, 
said system comprising a plurality of computer 40 
numerically controlled machining centers (26); 

a transport system (14. 15a, 15b, 20) hav- 
ing at least one load/unload station (24) where 
unfinished parts are entered and finished parts 45 
are discharged, said transport system moving 
parts from each said load/unload station (24) to 
said computer numerically controlled machin- 
ing centers (26) in accordance with electrical 
signals supplied to said transport system (14. 50 
15a, 15b, 20) and said transport system gen- 
erating data indicative of the part location dur- 
ing part movement; 

at least one data entry and display unit 55 
(42) located in proximity with a respective one 
of said load/unk)ad stations (24) for transmit- 
ting data entered thereto by an operator indica- 
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five of the part type entered at said respective 
one of said load/unload stations (24); 

a supervisory control computer system 
(38) coupled to each of said computer numeri- 
cally controlled machining centers (26); and 
coupled to each said data entry and display 
unit (42) for processing data therefrom to gen- 
erate routing data indicative of the desired path 
of parts from said load/unload station (24) to 
said computer numerically controlled machin- 
ing centers (26); 

characterized In that 

a material handling system controller (22) 
is coupled to said supervisory control com- 
puter system (38) to receive said routing data 
therefrom, said material handling system con- 
troller (22) being coupled to said transport sys- 
tem (14, 15a, 15b. 20) for supplying said trans- 
port system with said electrical signals to 
cause movement of parts in accordance with 
said routing data; and that In the absence of 
said routing data from said supervisory control 
computer system (38) the movement of parts 
is carried out in accordance with manually 
entered routing data and manually entered 
transport system commands to said handling 
system controller (22); 

said material handling system controller 22 
Is coupled to each said computer numerically 
controlled machining center (26), and in accor- 
dance with said data generated by said trans- 
port system indicative of part location, said 
material handling system controller (22) sup- 
plies said machine tool commands to said nu- 
merically controlled machining centers (26); 

and in that said plurality of computer nu- 
merically controlled machining centers (26) are 
each provided by the supervisory control com- 
puter system (38) with a plurality of sets of 
machine NC part programs and a program 
map. each said computer numerically con- 
trolled machining center (26) executing a se- 
lected one of said sets of machine NC part 
programs in accordance with said program 
map in response to said machine tool com- 
mands and in the absence of machine tool 
commands, In response to operator entered 
machine tool commands. 

2. The system according to claim 1 , wherein said 
supervisory control computer system (38) 
comprises line adaptors for receiving input 
data, supervisory control computer system 
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instructions and sets of machine NC part pro- 
grams and program maps memory means (72) 
for retaining said input data, said supervisory 
control computer system instructions and said 
machine part programs and program maps for 5 
retaining data transmitted thereto indicative of 
system status; electronic processing means 
(66, 86) coupled to said line adaptors and to 
said memory means (72) to receive said input 
data, said supervisory control computer sys- io 
tern instructions and said sets of machine NC 
part programs and program maps therefrom, 
said electronic processing means executing 
said supervisory control computer system 
instructions, and in accordance with electronic 75 
logic means transmitting said sets of machine 
NC part programs and program maps to said 
computer numertcaily controlled machining 
centers (26) and said electronic processing 
means (66, 86) processing said input data to- 20 
gether with said data from said data entry and 
display units (42) to produce said routing data 
and said data indicative of system conditions 
which is transmitted to said memory means 
(72) and said input/output means. 25 

3b The system according to claim 2 wherein said 
electronic processing means comprises a cen- 
tral processing unit (66) and a multiplexer (86) 
for coupling said central processing unit to 30 
said input/output means, to said material han- 
dling system controller, and to said plurality 
computer numerically controlled machining 
centers (26). 

35 

4, The system according to claim 3, further in- 
cluding means coupled between said multi- 
plexer and said material handling system con- 
troller for reducing the degradation of signals 
transmitted therebetween; means coupled be- 40 
tween said multiplexer and each of said com- 
puter numerically controlled machining sys- 
tems for reducing the degradation of signals 
transmitted therebetween; means coupled be- 
tween said multiplexer means and said data 45 
entry and display unit for reducing the deg- 
radation of signals transmitted tiierebetween. 

5. The system according to claim 1 wherein said 
material handling system controller comprises 50 
a control data entry and display unit (100) for 
transmitting said manually entered routing 
commands and said manually entered trans- 
port system commands; a ti'affic control pro- 
cessor (94) coupled to said supervisory control 65 
computer system (38) and to said control data 
entry and display unit (100), said traffic control 
processor (94) translating said routing data 



generated by said supervisory control com- 
puter system (38) into transport system com- 
mands, and in tiie absence of said routing 
data, said traffic control processor (94) translat- 
ing manually entered routing commands into 
said transport system commands; and a ma- 
terial handling logic processor (96) coupled to 
said traffic control processor (94), said control 
data entry and display unit (100) and to said 
transport system, said material handling logic 
processor (96) supplying said transport system 
with said electrical signals in accordance with 
said transport system commands supplied by 
said traffic control processor (94), and in the 
absence of said transport system commands, 
in accordance with said manually entered 
transport system commands transmitted there- 
to from said control data entry and display unit 
(100). 

6. The system according to claim 5, further in- 
cluding a remote unit (43) coupled to said 
traffic control processor (94) and said material 
handling logic processor (96) for transmitting 
said manually entered routing data to said traf- 
fic control processor (94) and for transmitting 
said manually entered transport system com- 
mands to said material handling logic proces- 
sor (96), 

7. The system according to claim. 5, further in- 
cluding storage means (110) coupled to said 
traffic control processor (94) for storing man- 
ually entered routing data and manually en- 
tered transport system commands and for 
transmitting said stored manually entered rout- 
ing data and said stored manually entered 
transport commands to said traffic control pro- 
cessor (94). 

8. The system according to claim 5, wherein said 
traffic control processor (94) comprises mem- 
ory means (110) containing a set of program 
instructions for translating said routing data 
into said transport system commands and for 
translating said manually entered routing com- 
mands into said transport system commands; 
and electronic processing means coupled to 
said supervisory control computer system (38) 
to receive said routing data therefrom, and 
coupled to said control data entry and display 
unit (100) to receive said manually entered 
routing data tiierefrom; said electronic process- 
ing means coupled to said memory means 
(110) and to said material handling logic pro- 
cessor (96) for executing said set of program 
instiructions to supply said material handling 
logic processor with said transport system 
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commands in accordance with said routing 
data received from said supervisory control 
computer system; and in the absence of said 
routing data, in accordance with said manualiy 
entered routing commands from said control s 
set. 

9. The system according to claim 8, wherein said 
electronic processing means comprises a cen- 
tral processing unit (102) for executing said set io 
of program instructions stored at said memory 
means (68a, 68b); a multiplexer (104) for cou- 
pling said central processing unit(102) to said 
material handling logic processor (96) and to 

said control data entry and display unit; and an 75 
input/output port for coupling said multiplexer 
(104) to said supervisory control computer sys- 
tem (38). 

10. The system according to claim 5, wherein said 20 
material handling logic processor comprises a 
communications multiplexer (104) coupled to 

said control data entry and display unit (100) 
and said traffic control processor (94) for mul- 
tiplexing said transport system commands and 25 
said manualiy entered transport system com- 
mands; a central processing unit (102) coupled 
to said communications multiplexer (104) for 
translating said transport system commands 
from said traffic control processor (94) into 30 
said electrical signals for controlling said trans- 
port system, and in the absence of said trans- 
port system commands, said central process- 
ing unit (102) translates said manually entered 
transport system commands Into said electrical 35 
signals to control said transport system; and 
an interface for coupling said central process- 
ing means to said transport system. 

11. The system according to claim 1, wherein said 40 
transport system includes a track (14) juxta- 
posed to each of said computer numerically 
controlled machine centers (26) and said 
load/unload stations (24); a plurality of carts 

(20) movable along said track for parts from 4S 
said load/unload station to said computer nu- 
merically controlled machining centers (26); 
means (15a) disposed in said track (14) for 
moving said carts (20) along said track in ac- 
cordance with said electrical signals; and a 50 
plurality of shuttle assemblies (32) with at least 
one of said shuttle assemblies situated be- 
tween said track and a respective one of said 
computer numerically controlled machining 
centers for shuttling a part from a predeter- 55 
mined one of said carts (20) to a correspond- 
ing one of said machine centers (26) in accor- 
dance with said electrical signals. 
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12. The system according to claim 1, wherein 
each of said computer numerically controlled 
machining centers (26) comprises a numeri- 
cally controlled machine tool (28); and a ma- 
chine control system (30) coupled to said nu- 
merically controlled machine, said machine 
control system (30) coupled to said supervi- 
sory control computer system (38) to receive 
said plurality of sets of machine NC part pro- 
grams and said program map therefrom, said 
machine control system (30) coupled to said 
material handling system controller (22) for re- 
ceiving machine tool commands therefrom and 
for executing a selected one of sets of ma- 
chine NC part programs in accordance with 
said program map responsive to machine tool 
commands, and in the absence of said ma- 
chine tool commands, responsive to operator 
entered commands. 

13. The system according to claim 12, wherein 
said machine control system (30) comprises 
input/output means for receiving said operator 
entered machine commands and for displaying 
data indicative of machine tool operator; mem- 
ory means (128) for storing said selected sets 
of machine NC part programs and said pro- 
gram map transmitted from said supervisory 
control computer system (38); central process- 
ing unit (124) for executing said selected one 
of said set of machine NC part programs in 
accordance with said program map in re- 
sponse to said machine tool commands, and in 
the absence of machine tool commands in 
response to said operator entered commands, 
to direct the operation of said machine tool in 
accordance with machine tool feedback data; a 
communications multiplexer (126) for coupling 
said central processing unit (124) to said su- 
pervisory control computer system (38), to said 
memory means (128), and to said input/output 
means; Interface means (146) for coupling said 
central processing units (124) to said material 
handling system controller (22) and to said 
machine center (26); and a feedback system 
(144 a, b, c) coupled to said machine tool for 
supplying said centi'al processing system ma- 
chine tool feedback data. 

14. The system according to claim 13, In which 
the machine control system includes a diag- 
nostic control system interface (134) for cou- 
pling said central processing unit (124) to a- 
diagnostic communication system. 

15. The system according to any preceding claim 
and in which during execution of said selected 
one of said sets of machine NC part programs. 
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each said computer numerically controlled ma- 
chining center (26) generates data indicative of 
machine tool operation including cumulative 
cutting tool usage; and output means coupled 
to said supervisory control system transmits s 
infonmatlon Indicative of said cumulative cut- 
ting tool usage. 

16. The system according to claim 15, wherein 

said output means comprises a printer (54). 70 

Revendications 

1. Systfeme de fabrication flexible (10) permettant 

la production automatisee de pieces usinees, 15 
ce syst^me comprenant plusleurs machines 
universelles d'usinage k commande numerique 
par ordlnateur (26), 

un systeme de transport (14, 15a, 15b, 20) 
comportant au moins un poste de 20 
chargement/dechargement (24) auquel des 
pieces non-finies sont introduites et des pi&ces 
finles sont extraltes, ce systeme de transport 
deplagant des pieces de chaque poste de 
chargement/dechargement (24) aux. machines 25 
universelles d'usinage a commande numerique 
par ordinateur (26) en fonction de signaux 
electriques fournis au systeme de transport 
(14. 15a, 15b, 20) et ce systeme de transport 
produisant des donnees indiquant I'emplace- 30 
ment des pieces durant ie deplacement de 
cel)es-ci, 

au molns une unit^ d'Introduction et de 
visualisation de donnees (42) situ^e ^ proximi- 
ty de Tun, correspondant, des postes de 35 
chargement/dechargement (24) et servant a 
transmettre des donnees qui y sont introduites 
par un operateur et qui indiquent Ie type des 
pieces qui est introduit au poste de 
chargement/dechargement (24) considere, 40 

un ordlnateur de commande centrale (38) 
reliy a chacune des machines universelles 
d'usinage a commande numerique par ordina- 
teur (26) et reli^ h chacune des unites d'intro-. 
duction et Ie visualisation de donnees (42) en 45 
vue de traiter des donnees provenant de 
celles-ci de fagon a produire des donnees 
d'acheminement indiquant Ie trajet voulu pour 
des pieces, dudit poste de 
chargement/dechargement (24) aux machines so 
universelles d'usinage a commande numerique 
par ordinateur (26), 

caracterise en ce que : 

une unit§ de commande de systeme de 
manutentlon de produits (22) est reliee h I'ordi- 55 
nateur de commande centrale (38) en vue de 
recevoir de celui-ci lesdites donnees d'achemi- 
nement. cette unite de commande de systeme 



de manutention de produits (22) etant reliee au 
systdme de transport (14, 15a, 15b, 20) en vue 
de fournir h ce systdme de transport lesdits 
signaux electriques en vue de provoquer un 
deplacement des pieces en fonction desdites 
donnees de deplacement des pieces, tandis 
qu'en Tabsence de donnees d'acheminement 
provenant de I'ordinateur de commande cen- 
trale (38), Tacheminement est execute sous 
I'influence d'ordres d'acheminement introduits 
manuellement et d'ordres de systeme, de 
transport introduits manuellement envoyes a 
I'unite de commande de systeme de manuten- 
tlon (22). 

en ce que I'unite de commande de syste- 
me de manutention de produits (22) est reii^e 
a chacune des machines universelles d'usina- 
ge k commande numdrique par ordlnateur (26) 
et, en fonction des donnees produites par Ie 
systeme de transport qui indiquent un empla- 
cement de piece, cette unlt^ de commande de 
systeme de manutention de produits (22) en- 
voie lesdits ordres pour machine-outil aux ma- 
chines universelles d'usinage k commande nu- 
merique (26) 

et en ce que les multiples machines uni- 
verselles d'usinage k commande numerique 
par ordlnateur (22) sont pourvues chacune, par 
I'ordinateur de commande centrale (38), de 
plusleurs groupes de programmes de pieces 
en commande numerique machine et d'un plan 
de programmes, chacune des machines uni- 
verselles d'usinage k commande numerique 
par ordinateur (26) executant I'un, s^lectionn^, 
desdits groupes de programmes de pieces en 
commande numerique machine en conformity 
avec Ie plan de programmes et sous I'influen- 
ce desdits ordres pour machine-outil et, en 
('absence d'ordres pour machine-outil. sous 
I'influence d'ordres pour machine-outil intro- 
duits par un operateur. 

2. Systeme suivant la revendicatlon 1. dans le- 
quel I'ordinateur de commande central (38) 
comprend des adaptateurs de ligne, destines k 
recevoir des donnees d'entree, des instruc- 
tions de I'ordinateur de commande centrale et 
des groupes de programmes de pieces en 
commande numerique machine et plans de 
programmes, une m^moire (72), destinec k 
conserver ces donnees d'entree, ces instruc- 
tions de i'ordinateur de commande centrale 
(38) et ces programmes de pieces en com- 
mande numerique machine et plans de pro- 
grammes en vue de conserver des donnees, 
qui lui sont transmlses, indiquant I'dtat du sys- 
teme, des moyens de traitement electronique 
(66, 86) relics k ces adaptateurs de ligne et k 
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cette m^moire (72) en vue d'en recevoir ces 
donnSes d'entrde. ces instructions de I'ordina- 
teur de commande centrale (38) et ces grou- 
pes de programmes de pieces en commande 
numerique machine et plans de programmes, s 
ces moyens de traitement electronique (66. 86) 
executant lesdites instructions de Tordinateur 
de commande centrale (38) et transmettant, 
sous I'influence de moyens logiques electron!- 
ques. lesdits groupes de programmes de pi^- io 
ces en commande numerique machine et 
plans de programmes aux machines universe!- 
les d'usinage h commande numerique par or- 
dinateur (26), tandis que les moyens de traite- 
ment electronique (66, 86) traitent les donnecs 75 
d*entree en mime temps que les donnees 
provenant des unites d'introduct'on et de vi- 
sualisation de donnees (42) de fagon a produi- 
re les donnees d'achemlnement et les don- 
nees indiquant les conditions du systeme, qui 20 
sent transmises a la memoire (72) et aux 
adaptateurs de ligne. 

Systfeme suivant la revendication 2, dans le- 
quel les moyens de traitement electronique 25 
comprennent une unite centrale (66) et un mul- 
tiplexeur (86) servant k relier cette unit^ cen- 
trale aux adaptateurs de ligne. k I'unit^ de 
commande de systeme de manutention de 
prodults et aux multiples machines universelles 30 
d'usinage k commande numerique par ordina- 
teur (26). 

Systeme suivant la revendication 3, compre- 
nant en outre des moyens branches entre le 35 
multiplexeur et Tunite de commande de syste- 
me de manutention de produits et servant a 
r^duire la degradation des signaux transmis 
entre ceux-ci, des moyens branches entre le 
multiplexeur et chacune des machines univer- 4o 
selles d'usinage k commande numerique par 
ordinateur et servant a r^duire la degradation 
des signaux transmis entre ceux-cl. et des 
moyens branches entre le multiplexeur et Tuni- 
te d'introduction et de visualisation de don- 45 
nees, et servant a r§duire la degradation des 
signaux transmis entre ceux-ci. 

Systeme suivant la revendication 1, dans le- 
quel I'unite de commande de syst§me de ma- 50 
nutention de produits (22) comprend une unit§ 
d'introduction et de visualisation de donnees 
de commande (100), sen^ant k transmettre les 
ordres d*acheminement Introduits manuelle- 
ment et les ordres de systdme de transport 55 
introduits manuellement, un processeur de 
commande de circulation (94) relid k Tordina- 
teur de commande centrale (38) et k I'unltd 



d'Introduction et de visualisation de donnees 
de commande (100). ce processeur de com- 
mande de circulation (94) transformant les 
donnees d'acheminement produites par I'ordi- 
nateur de commande centrale (38) en ordres 
pour systeme de transport, tandis qu'en I'ab- 
sence desdites donnees d'acheminement ce 
processeur de commande de circulation (94) 
transforme les ordres. d'acheminement intro- 
duits manuellement de fagon k donner lesdits 
ordres pour systeme de transport, et un pro- 
cesseur logique. de manutention de produits 
(96) relie au processeur de commande de cir- 
culation (94), a I'unlt^ d'introduction et de vi- 
sualisation de donnees de commande (100) et 
au systeme de transport, ce processeur logi- 
que de manutention de produits (96) envoyant 
au systeme de transport lesdits signaux electri- 
ques sous I'influence des ordres pour systeme 
de transport fournis par le processeur de com- 
mande de circulation (94) et. en Tabsence de 
ces ordres pour systeme de transport, sous 
I'influence des ordres de systeme de transport 
Introduits manuellement qui lui sont transmis a 
partir de I'unite d'introduction et de visualisa- 
tion de donnees de commande (100). 

6. Systeme suivant la revendication 5, compre- 
nant en outre un terminal (43) relid au proces- 
seur de commande de circulation (94) et au 
processeur logique de manutention de produits 
(96) et servant k transmettre lesdits ordres 
d'acheminement introduits manuellement k ce 
processeur de commande de circulation (94) 
et a transmettre lesdits ordres de systeme de 
transport introduits manuellement a ce proces- 
seur logique de manutention de produits (96). 

7. Systeme suivant la revendication 5, compre- 
nant en outre des moyens de mise en memoi- 
re (110) relics au processeur de commande de 
circulation (94) et servant k ranger des ordres 
d'acheminement introduits manuellement et 
des ordres de systeme de transport Introduits 
manuellement et k transmettre les ordres 
d'acheminement introduits manuellernent et se 
trouvant en memoire et les ordres de systeme 
de transport introduits manuellement et se 
trouvant en m§moire a ce processeur de com- 
mande de circulation (94). 

8. Sytdme suivant la revendication 5, dans lequel 
le processeur de commande de circulation (94) 
comprend une memoire (110), contenant un 
groupe d'instructions de programme servant a 
transformer lesdites donnees d'acheminement 
de fagon k donner des ordres pour systeme 
de transport du type consid^r6 et k transfor- 
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mer les ordres d'achemlnement Introdults ma- 
nuellement de tagon h donne des ordres pour 
syst5me de transport du type considere. at 
des moyens de traitement ^lectronique relies a 
rordinateur de commande centrals (38) de fa- 5 
Qon h en recevoir les donn^es d'achemine- 
ment et relies k I'unlte d'Introductlon et de 
visualisation de donn^es de commande (100) 
de fagon h en recevoir les ordres d'achemine- 
ment introdults manuellement, ces moyens de io 
traitement ^lectronique ^tant relics k la memoi- 
re (110) et au processeur logique de manuten- 
tion de produits (96) de fagon a executer ledit 
groupe dMnstmctions de programme en vue 
d'envoyer k ce processeur logique de manu- is 
tentlon de produits les ordres pour syst^me de 
transport sous I'influence des donnees d'ache- 
minement regues k partir de I'ordinateur de 
commande contrale et, en I'absence de ces 
donnees d'acheminement, sous rinfluence des 20 
ordres d'acheminement introdults manuelle- 
ment provenant dudit groupe de commande. 

9. Syst§me sulvant la revendlcatlon 8, dans le- 

quel les moyens de traitement ^lectronique 25 
comprennent une unit6 centrale (102), servant 
k executer le groupe d'instructions de pro- 
gramme rang6 dans la m^moire (68a, 68b), un 
multiplexeur (104), servant k coupler cette uni- 

centrale (102) au processeur logique de 30 
manutention de produits (96) et h Tunite d'in- 
troduction et de visuajisation de donnees de 
commande. et un port d'entr^es/sortles servant 
It coupler ce multiplexeur (104) h I'ordinateur 
de commande centrale (38). 35 

10- Systeme suivant la revendlcation 5. dans le- 
quel le processeur logique de manutention de 
produits comprend un multiplexeur de commu- 
nications (104), relie. a I'unite d' introduction et 40 
de visualisation de donnees de commande 
(100) et au processeur de commande de cir- 
culation (94) et servant k realiser le multiplexa- 
ge des ordres pour systeme de transport et 
des ordres de systeme de transport introdults 45 
manuellement, une unit6 centrale (102), reliee 
a ce multiplexeur de communications (104) et 
servant a transformer les ordres pour systeme 
de transport provenant du processeur de com- 
mande de circulation (94) de fagon k former 50 
les signaux electriques servant k commander 
le systeme de transport tandis qu'en {'absen- 
ce des ordres pour systdme de transport, I'uni- 
\i centrale (102) transforme les ordres de sys- 
teme de transport introdults manuellement de 65 
fagon k former lesdits signaux electriques ser- 
vant k commander le systeme de transport, et 
une interface servant k coupler cette unitd 



centrale a ce systeme de transport. 

11. Systeme suivant la revendicatlon 1, dans le- 
quel le systeme de transport comprend une 

voie (14), juxtaposee a chacune des machines 
universelles d'usinage k commande numdrique 
par ordinateur (26) et a chacun des postes de 
chargement/d4chargement (24). de multiples 
chariots (20), agencSs de fagon k pouvoir se 
deplacer le long de cette voie en vue de 
transporter des pieces des postes de 
chargement/dechargement aux machines uni- 
verselles d'usinage k commande numerique 
par ordinateur (26), des moyens (15a) dispo- 
ses dans le voie (14), qui servent a deplacer 
ces chariots (20), le long de cette voie sous 
rinfluence desdits signaux electriques, et plu- 
sreurs ensembles-navettes (32), au moins I'un 
de ces ensembles-navettes etant situe entre la 
voie et Tune, associee, des machines univer- 
selles d'usinage k commande numerique par 
.ordinateur en vue de faire faire la navette k 
une pi^ce entre )'un, fixe k I'avance, des cha- 
riots (20) et Tune, con^espondante, des machi- 
nes universelles d'usinage (26), sous influen- 
ce desdits signaux Electriques. 

12. Syst&me suivant la revendlcation 1, dans le- 
quel chacune des machines universelles d'usi- 
nage a commande numerique par ordinateur 
(26) comprend une machine-outil k commande 
numerique (28) et un systeme de commande 
de machine (30) rellE k cette machine k com- 
mande numerique, ce systdme de commande 
de machine (30) 6tant relie a Tordinateur de 
commande centrale (38), de fagon k recevoir 
de celui-ci les multiples groupes de program- 
mes de pieces en commande numerique ma- 
chine et le plan de programmes, et relie a 
I'unite de commande de systeme de manuten- 
tion de produits (22) de fagon k recevoir de 
celle-ci des ordres pour machine-outil et k 
executer I'un, seiectlonne, des groupes de pro- 
grammes de places en commande numerique 
machine en conformite avec le plan de pro- 
grammes et sous rinfluence des ordres pour 
machine-outil et, en I'absence de ces ordres 
pour machine-outil, sous rinfluence d'ordres 
introdulte par un opErateur. 

13. Systeme suivant la revendlcation 12, dans le- 
quel le systeme de commande de machine 
(30) comprend des moyens d'entr^e/sortle, 
servant k recevoir les ordres machine intro- 
dults par un operateur et k visualiser des don- 
nees designant Top^rateur de la machine-outil, 
une memoire (128), servant k ranger les grou- 
pes selectionn^s de programmes de pieces en 
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commands numerique machine et le plan de 
programmes qui sont transmis a partir de Tor- 
dinateur de commands centrals (38), une unit^ 
centrals (124), servant h sx^cutsr Tun selec- 
tlonn^, des groupes de programmes de pieces s 
en commande numerique machine en confor- 
mity avec le plan de programmes et sous 
rinfluence des ordres pour machine outil et, en 
Tabsence de tels ordres pour machine-outll. 
sous rinfluence desdits ordres introdults par io 
un operateur. de fapon a diriger le fonctionne- 
ment de la machine-outil en fonction de don- 
nees d'asservissement de la machine-outil, un 
multlplexeur de communications (126), servant 
a coupler cette unite centrals (124) a I'ordina- 75 
teur de commande centrale (38), k la memoire 
(128) et aux moyens d'entr^e/sortie, une Inter- 
face (146) servant li coupler Tunite csntrals 
(124) a I'unit^ de commande ds systems ds 
manutention ds produtis (22) et a la machine 20 
universelle d'usinage (26), et un systeme d'as- 
servissement (144a. b, c) relie a la machine- 
outil en vue de fournir lesdrtes donnees d*as- 
servissement de machine-outil a I'unite centra- 
le. 25 

14. Systeme suivant la revendication 13, dans le- 
quet le systems central de machines com- 
prend une interface de systems de commande 

de diagnostic (134) permettant de coupler 30 
I'unite centrale (124) a un systeme de commu- 
nications de diagnostic. 

15. Systeme suivant Tune quelconque des revsn- 
dications precedentss, dans lequel, durant 35 
Texecution de Tun selectionne, des groupes de 
programmes de pieces en commande numeri- 
que machine, chacune des machines univer- 
selles d'usinage k commande numerique par 
ordinateur (26) produit des donnees fournissant 40 
des indications sur le fonctionnement de la 
machine-outil, parmi lesqueiles un usage 
cumulatif d*outils de coupe, et en ce que des 
moyens de sortie relies k Tordinateur de com- 
mande centrale (38) transmettent des informa- 45 
tions fournissant des indications sur iedit usa- 
ge cumulatif d'outils de coups. 

16. Systeme suivant la revsndlcation 15, dans le- 
quel les moyens de sortie consistent en une so 
imprimante (54). 

AnspiUche 

1. Rexibles Herstellungssystem (10), das zur au- ss 
tomatisierten Herstellung von maschinell bear- 
beiteten Tellen befShtgt ist und sine Mehrzahl 
von numerisch computergesteuerten Bearbei- 
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tungszentren (26) besitzt; 

ferner sin Transportsystem (14. 15a, 15b, 
20), das mindestsns sine Be- und Entladesta- 
tion (24) besitzt, densn unfertige Telle aufge- 
geben und fertige Telle entnommen werden, 
wobei das Transportsystem von jeder der Be- 
und Entladestationen (24) auf Grund von dem 
Transportsystem (14. 15a, 15b, 20) zugefuhr- 
ten elektrischen Signalen Telle zu den nume- 
risch computergesteuerten Bearbeitungszen- 
tren (26) bewegt und das Transportsystem den 
Ort des Tsils wahrend seiner Bewegung ange- 
bende Daten generiert; 

mindestens eine in der Nahe einer der Bo- 
und Entladestationen (24) angeordnete 
Oateneingabe- und -anzeigeeinheit (42) zum 
Obertragen von durch sine Bedisnungspsrson 
in disss Einhsit eingegebenen und den Typ 
des an der zugeordneten Be- und Entladesta- 
tion (24) aufgegebenen Tells angebenden Da- 
ten Ubertragt; 

sin zur Oberwachung und Steuerung die- 
nendes Computersystem (38), das an jedes 
der numerisch computergesteuerten Bearbei- 
tungszentren (26) und mit jeder der 
Dateneingabe-und anzeigeeinhelten (42) ge- 
koppelt ist und dazu dient, durch Vsrarbeitung 
der von dort empfangenen Daten Wegbestlm- 
mungsdaten zu generieren, die den fur Teile 
gewUnschten Weg von den Be- und Entlade- 
stationen (24) zu den numerisch computerge- 
steuerten Bearbeitungszentren (26) angeben; 

dadurch gekennzelchnet, dal3 

mit dem zur Oberwachung und Steuerung 
dienenden Computersystem (38) ein 
Materialflufl-Steuergerat (22) gekoppelt ist, das 
von dem zur Ubenn^achung und Steuerung die- 
nenden Computersystem die Wegebestim- 
mungsdaten empfangt und das mit dem Trans- 
portsystem (14, 15a. 15b. 20) gekoppelt ist 
und an dieses die genannten elektrischen Si- 
gnals abgibt, um sins Bewegung von Tsilsn 
entsprechsnd dsn gsnannten Teitebewegungs- 
daten zu bewirken; und da/3 bel einem Nicht- 
vorliegen der von dem zur Oberwachung und 
Steuerung dienenden Computersystem (38) 
kommenden genannten Wegebestimmungsda- 
ten die Wegebestimmung auf Grund von ma- 
nuell in das Materialflu/J-Steuergeralt (22) ein- 
gegebenen Wegebestimmungsdaten und 
Transportsystem befeh I en erfofgt; 

wobel das Materialflui^-SteuergerSt (22) mit 
jsdem dsr numerisch computergsstsuerten 6s- 
arbsitungszsntren (26) gekoppelt ist und auf 
Grund der von dem Transportsystem generier- 
ten und den Ort sines Toils angebenden Daten 
Werkzeugmaschlnenbsfehie an die numerisch 
computergesteuerten Bearbeitungszentren (26) 
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abgibt; 

und jedes der numerisch computergesteu- 
erten Bearbeitungszentren (26) von dem zur 
Oberwachung und Steuerung dienenden Com- 
putersystem (38) mit einer Mehrzahl von Sat- 5 
zen von Programmen fGr die numerisch ge- 
steuerte maschinelle Bearbeitung von Teilen 
und mit einer Programmabbildung versorgt 
wird und jedes der numerisch computergesteu- 
erten Bearbeitungszentren (26) entsprechend io 
der Programmabbildung auf Grund der ge- 
nannten Werl<zeugmaschinenbefehle und be! 
Nichtvorliegen von Werkzeugmaschinenbefeh- 
!en auf Grund von von der Bedienungsperson 
eingegebenen Werkzeugmaschinenbefehlen 15 
einen aus den Satzen von Programmen fur die 
numerisch gesteuerte maschinelle Bearbeitung 
von Teilen ausgewahlten Satz entsprechend 
der Programmabbildung ausfuhrt. 

20 

2. System nach Anspruch 1. dadurch gekenn- 
zeichnet, 6eS das zur Oberwachung und 
Steuerung dienende Computersystem (38) Lei- 
tungsadapter fur den Empfang von Eingabeda- 
ten, von Befehlen fDr das 2ur Oberwachung 25 
und Steuerung dienende Computersystem und 
von Satzen von Programmen fur die nume- 
risch gesteuerte maschinelle Bearbeitung von 
Teilen und von Programmabbrldungen besitzt; 
ferner einen Speicher (72) zum Speichern der 30 
Eingabedaten, der Befehle fur das zur Obenfl^a- 
chung und Steuerung dienende Computersy- 
stem, der Satze von Programmen fur die ma- 
schinelle Bearbeitung von Teilen und der Pro- 
grammabbildungen und zur zum Speichern 35 
von an ihn Ubertragenen Daten, die den Zu- 
stand des Systems angeben; ferner eine mit 
den Leitungsadaptem und dem Speicher (72) 
gekoppelte elektronische Verarbeitungseinrich- 
tung (66, 86) fur den Empfang der Eingabeda- 4o 
ten, der Befehle fOr das zur Obenvachung und 
Steuerung dienende Computersystem, der Sat- 
ze von Programmen fur die numerisch gesteu- 
erte maschinelle Bearbeitung von Teilen und 
der Prog ram mabbildun gen, wobei die elektro- 45 
nische Verarbeitungselnrichtung die Befehle 
fur das zur Oberwachung und Steuerung die- 
nende Computersystem ausfGhrt und auf 
Grund einer elektronischen Logik die Satze 
von Programmen fOr die numerisch gesteuerte so 
maschinelle Bearbeitung von Teilen und die 
Programmabbildungen an die numerisch com- 
putergesteuerten Bearbeitungszentren (26) ab- 
gibt und die elektronische Veraribeitungsein- 
. richtung (66, 86) die Eingabedaten zusammen 55 
mit den von den Dateneingabe- und - 
anzelgeeinheiten (42) kommenden Daten ver- 
arbeitet und dadurch die Wegebestimmungs- 



daten und die Systemzustande angebenden 
Daten erzeugt, die zu dem Speicher (72) und 
der Eingabe-Ausgabeeinrichtung Ubertragen 
werden. 

3. System nach Anspruch 2, dadurch gekenn- 
zeichnet, dafi die elektronische Verarbeitungs- 
elnrichtung eine Zentraleinheit (66) und einen 
Multiplexer (86) besitzt, der zum Koppein der 
Zentraleinheit mit der Etn- und Ausgabeeinrich- 
tung mit dem Materialflufi-Steuergerat und mit 
der Mehrzahl von numerisch computergesteu- • 
erten Bearbeitungszentren (26) dient. 

4. System nach Anspruch 3, mit einer zwischen 
dem Multiplexer und dem MaterialfluiS-Steuer- 
gerat gekoppelten Einrichtung zum Vennaindern 
der Verschlechterung von dazwischen Ubertra- 
genen Signalen; ferner einer zwischen dem 
Multiplexer und jedem der numerisch compu- 
tergesteu erten Bearbeitungszentren gekoppel- 
ten Einrichtung zum Vermindern der Ver- 
schlechterung von dazwischen Ubertragenen 
Signalen; und einer zwischen dem Multiplexer 
und der Dateneingabe- und -anzeigeeinheit ge- 
koppelten Einrichtung zum Vermindern der 
Verschlechterung von dazwischen Ubertrage- 
nen Signalen. 

5. System nach Anspruch 1, dadurch gekenn- 
zeichnet, da/J das Materialflufl-Steuergerat eine 
Steuerdateneingabe- und -anzeigeeinheit (100) 
zum Ubertragen der manuell eingegebenen 
Wegebestimmungsbefehle und der manuell 
eingegebenen Transportsystem befehle besitzt: 
ferner einen verkehrssteuernden Prozessor 
(94), der mit dem zur Oberwachung und Steue- 
rung dienenden Computersystem (38) und der 
Steuerdateneingabe- und -anzeigeeinheit (100) 
gekoppelt ist und der die von dem zur Oberwa- 
chung und Steuerung dienenden Computersy- 
stem (38) generierten Wegebestimmungsdaten 
und bei einem Nichtvorliegen der genannten 
Wegebestimmungsdaten manuell eingegebene 
Wegebestimmungsbefehle in Transportsystem- 
befehle umsetzt; sowie einen MateriaifluBlogik- 
prozessor (96), der mit dem verkehrssteuern- 
den Prozessor (94), der Steuerdateneingabe- 
und -anzeigeeinheit (100) und dem Transport- 
system gekoppelt ist und der auf Grund der an 
ihn von dem verkehrsteuernden Prozessor (94) 
abgegebenen Transportsystembefehle und bei 
einem Nichtvorliegen der genannten Transport- 
systembefehle auf Grund der an Ihn von der 
Steuerdateneingabe- und -anzeigeeinheit 
(100) abgegebenen, manuell eingegebenen 
Transportsystembefehle die genannten elektri- 
schen Signale an das Transportsystem abgibt 
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System nach Anspruch 5 mit einer mit dem 
verkehrssteuemden Prozessor (94) und dem 
MateriaifluOlogikprozessor (96) gekoppelten 
Fernbedienungseinheit (43) zur Abgabe von 
manuell eingegebenen Wegebestlmmungsda- 5 
ten an den verkehrssteuemden Prozessor (94) 
und zur Abgabe von manuell eingegebenen 
Transportsystembefehlen an den Materiaiflufi- 
logikprozessor (96). 

70 

System nach Anspruch 5 mit einem mit dem 
verkehrssteuemden Prozessor (94) gesteuerten 
Speicher (110) zum Speichern von manuell 
eingegebenen Wegebestimmungsdaten und 
manuell eingegebenen Transportsystembefeh- 75 
len und zur Abgabe der gespeicherten, manu- 
ell eingegebenen Wegebestimmungsdaten und 
der gespeicherten. manuell eingegebenen 
Transportsystembefehle an den verkehrssteu- 
emden Prozessor (94). 20 

System nach Anspruch 5, dadurch gekenn- 
zeichnet, daB der verkehrssteuernde Prozessor 
(94) einen Speicher (110) besitzt, der einen 
Satz von Programmbefehlen zum Umsetzen 25 
der Wegebestimmungsdaten in die genannten 
Transportsystembefehle und zum Umsetzen 
der manuell eingegebenen Wegebestim- 
mungsbefehle in die genannten Transportsy- 
stembefehle dient; sowie eine elektronische 30 
Verarbeitungseinrichtung, die fur den Empfang 
der genannten Wegebestimmungsdaten von 
dem zur Oberwachung und Steuerung dienen- 
den Computersystem (38) mit diesem gekop- 
pelt ist und fGr den Empfang der manuell ein- ss 
gegebenen Wegebestimmungsdaten von der 
Steuerdateneingabe- und -anzeigeeinheit (100) 
mit dieser gekoppelt ist und die mit dem Spei- 
cher (110) gekoppelt ist und mit dem Material- 
flufllogikprozessor (96) gekoppelt ist, um an 40 
diesen zum AusfUhren des genannten Satzes 
von Programmbefehlen auf Gmnd der von 
dem zur Oberwachung und Steuerung dienen- 
den Computersystem empfangenen Wegebe- 
stimmungsdaten und bei Nichtvorliegen der 4S 
genannten Wegebestimmungsdaten auf Grund 
der von dem Steuersatz kommenden. manuell 
eingegebenen Wegebestlmmungsbefehle die 
•genannten Transportsystembefehle an den Ma- 
terlalfiuBlogikprozessor abzugeben. so 

System nach Anspnjch 8. dadurch gekenn- 
zeichnet. daB die elektronische Verarbeitungs- 
einrichtung eine Zentraleinheit (102) zum Aus- 
fOhren des in dem Speicher (68a, 6ab) gespei- 55 
cherten Satzes von Programmbefehlen besitzt; 
ferner einen Multiplexer (104) zum Koppein der 
Zentraleinheit (102) mit dem IVIaterialflui3loglk- 



prozessor (96) und mit der 
Steuerdateneingabe-und -anzeigeeinheit; und 
eine Ein- und Ausgabeeinrichtung zum Kop- 
pein des Multiplexers (104) mit dem zur Ober- 
wachung und Steuerung dienenden Computer- 
system (38). 

10. System nach Anspruch 5, dadurch gekenn- 
zeichnet. dali der Materialfludlogil<prozessor ei- 
nen mit der Steuerdateneingabe-und, - 
anzeigeeinheit (100) und dem verkehrssteuem- 
den Prozessor (94) gekoppelten Nachrichten- 
multiplexer (104) zum VielfachObertragen der 
genannten Transportsystembefehle und der 
manuell eingegebenen Transportsystembefeh- 
le aufweist; ferner eine mit dem Nachrichten- 
multiplexer (104) gekoppelte Zentraleinheit 
(102) zum Umsetzen der von dem verkehrs- 
steuemden Prozessor (94) kommenden Trans- 
portsystembefehle in die elektrischen Signaie 
zur Steuerung des Transportsystems, wobei 
die Zentraleinheit (102) die manuell eingegebe- 
nen Transportsystembefehle zur Steuerung 
des Transportsystems in die elektrischen Si- 
gnaie umsetzt, und eine Schnittstelle zum Kop- 
pein der Zentraleinheit mit dem Transportsy- 
stem. 

11. System nach Anspruch 1, dadurch gekenn- 
zeichnet, da^ das Transportsystem bei jedem 
der numerisch computergesteuerten Bearbei- 
tungszentren (26) und jeder der Be- und Entla- 
destationen (24) eine Bahn (14) besitzt, ferner 
eine Mehrzahl von sich langs der Bahn bewe- 
genden Wagen (20) zum Transport von Teilen 
von der Be- und Entiadestation zu den nume- 
risch computergesteuerten Bearbeitungszen- 
tren (26), ferner eine in der Bahn (14) angeord- 
nete Einrichtung (1 5a) zum Bewegen der Wa- 
gen (20) langs der Bahn auf Grund der ge- 
nannten elektrischen Signaie; und eine Mehr- 
zahl von Pendelantrleben (32), von denen min- 
destens einer zwischen der genannten Bahn 
und jedem der numerisch computergesteuer- 
ten Bearbeitungszentren angeordnet ist und 
dazu dient, auf Grund der genannten elektri- 
schen Signaie einen Tetl von einem vorherbe- 
stimmten der Wagen (20) zu einem entspre- 
chenden der Bearbeitungszentren (26) zu be- 
wegen. 

12. System nach Anspruch 1, dadurch gekenn- 
zeichnet. da0 jedes der numerisch computer- 
gesteuerten Bearbeitungszentren (26) eine nu- 
merisch gesteuerte Werkzeugmaschine (28) 
und ein mit der numerisch gesteuerten Ma- 
schine gekoppeltes Maschinensteuersystem 
(30) besitzt, das fUr den Empfang der Mehr- 
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zah( von Satzen von Programmen fur die nu- 
merisch gesteuerte maschinelle Bearbeitung 
von Teilen und der genannten Programmabbll- 
dung von dem zur Uberwachung und Steue- 
rung dienenden Computersystem (38) mit die- 5 
senn verbunden ist und fUr den Ennpfang von 
Werkzeugmaschtnenbefehlen von dem 
Materialflu0-Steuergerat (22) nfiit diesenn ge- 
koppelt ist und dazu dient, auf Grund von 
Werkzeugmaschinenbefehlen und be! NIchtvor- io 
liegen von Werkzeugmaschinenbefehlen auf 
Grund von von der Bedienungsperson einge- 
gebenen Befehlen einen aus den SStzen von 
Programmen fur die numerisch gesteuerte ma- 
schinelle Bearbeitung von Teilen ausgewahlten 15 
Satz entsprechend der Programmabbildung 
auszufQhren. 

13. System nach Anspruch 12, dadurch gekenn- 
zeichnet, dafl das Maschinensteuersystem (30) 20 
eine EIn- und Ausgabeeinrichtung fur den 
Empfang der von der Bedienungsperson ein- 
gegebenen Maschinenbefehle und fur die 
Sichtdarstellung von den Betrieb der Werk- 
zeugmaschine anzeigenden Daten besitzt; fer- 25 
ner einen Speicher (128) zum Speichern der 

von dem zur Ubennrachung und Steuerung die- 
nenden Computersystem (38) abgegebenen, 
ausgewahlten Satze von Programmen filr die 
numerisch gesteuerte maschinelle Bearbeitung 30 
von Teilen und der genannten Programmabbil- 
dung; ferner eine Zentraleinheit (124), die dazu 
dient. auf Grund der Werkzeugmaschinenbe- 
fehle und bei Nichtvorliegen von Werkzeugma- 
schinenbefehlen auf Grund der von der Bedie- 3S 
nungsperson eingegebenen Befehle den aus 
dem Satz von Programmen fur die numerisch 
gesteuerte maschinelle Bearbeitung von Teilen 
ausgewahlten Satz entsprechend der Pro- 
grammabbildung auszufUhren und auf Grund 40 
von von der Werkzeugmaschine zurUckgefQhr- 
ten Daten den Betrieb der Werkzeugmaschine 
zu steuern; ferner einen Nachrichtenmultiplexer 
(126) zum Koppein der Zentraleinheit (124) mit 
dem zur Uberwachung und Steuerung dienen- 45 
den Computersystem (38), dem Speicher (128) 
und der Ein- und Ausgabeeinrichtung; ferner 
eine Schnittstelleneinrichtung (146) zum Kop- 
pein der Zentraleinheit (124) mit dem 
iy/Iaterialf!ufl-Steuergerat (22) und dem Bearbel- so 
tungszentrum (26); und ein mit der Werkzeug- 
maschine gekoppeltes RUckfUhrsystem (144a. 
b, c) zum Obertragen von RQckfUhrdaten von 
der Werkzeugmaschine zu dem zentralen Ver- 
arbeitungssystem. 55 

14. System nach Anspruch 13, dadurch gekenn- 
zeichnet, da0 das Maschinensteuersystem eine 



B1 36 



Schnittstelle (134) zum Koppein der Zentralein- 
heit (124) mit einem Diagnosenachrichtensy- 
stem besitzt. 

15. System nach einem der vorhergehenden An- 
sprOche, in dem wahrend der Ausfuhrung des 
aus den Satzen von Programmen zur nume- 
risch gesteuerten maschinellen Bearbeitung 
von Teilen ausgewahlten Satzes jedes der nu- 
merisch computergesteuerten Bearbeitungs- 
zentren (26) Oaten generiert, die den Betrieb 
der Werkzeugmaschine, einschlie^lich der ku- 
mulativen Schneidwerkzeugverwendung, anzei- 
gen, und daB eine mit dem zur Uberwachung 
und Steuerung dienenden System angekoppel- 
te Ausgabeeinrichtung diese kumuiative 
Schneidwerkzeugverwendung angebende Infor- 
mation abgibt. 

16. System nach Anspruch 15, dadurch gekenn- 
zeichnet, 6ali die Ausgabeeinrichtung einen 
Drucker (54) besitzt. 
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